We have previously reported that the presence of a 180-kilobase plasmid encoding production of aerobactin was correlated with the virulence of Kkebsiella pneumoniae Kl and K2 isolates. This work demonstrates that a variant of a K2 strain which has lost this plasmid, pKPlOO, becomes avirulent. Labeling of this plasmid with the mobilizable, replication-defective element pME28, used here as a mobilizable transposon, allowed the transfer of this plasmid into a plasmidless derivative. Virulence was restored upon reacquisition of this tagged plasmid, pKP1O1. In addition to aerobactin production, another phenotype could be correlated with the presence of this virulence plasmid: the mucoid phenotype of the bacterial colonies. Both wild-type and plasmidless strains are encapsulated, but only the former presented mucoid colonies. Participation of this phenotype in the virulence of K. pneumoniae was demonstrated by constructing a mutant altered in the plasmid gene encoding this phenotype. The resulting strain demonstrated a 1,000-fold decrease in virulence.
Klebsiella pneumoniae causes suppurative infections, bacteremia, and septicemia and accounts for a substantial percentage of nosocomial infections in neonates, patients undergoing respiratory therapies, and patients hospitalized in urology and burn wards.
Among the virulence factors of K. pneumoniae the capsular polysaccharide protects the organism against the bactericidal effect of serum complement and against ingestion and killing by professional phagocytes (27) . Some encapsulated Klebsiella strains form glistening mucoid colonies of viscid consistency (22) . This aspect is thought to be correlated with the size of the capsule (30) . A serological classification identifies 82 capsular serotypes (16) . On the basis of mouse lethality, isolates belonging to serotypes Kl and K2 are the most virulent when injected intraperitoneally (14) . However, a few strains belonging to these serotypes appear avirulent (6, 14) , suggesting that factors other than the capsule are required. Other potential virulence factors are lipopolysaccharide (34, 35) and adherence-mediating pili (18) .
In a previous report we correlated the virulence of K.
pneumoniae strains belonging to serotypes Kl and K2 with the presence of a 180-kilobase (kb) plasmid encoding the hydroxamate siderophore aerobactin (15) . This plasmid was present in all virulent isolates and absent in the avirulent ones. Introduction of the aerobactin genes within an avirulent plasmidless recipient enhanced the virulence by 100-fold but the virulence did not reach the level of the wild-type strain from which the aerobactin operon had been cloned. These results suggested that the 180-kb plasmid carried additional genes encoding other virulence factors.
This work demonstrates that on the basis of the mouse * Corresponding author.
lethality assay the 180-kb plasmid encoded or regulated another function(s) required for full expression of virulence of this bacterium. A phenotype independent of aerobactin production, the mucoid aspect of K. pneumoniae colonies, has been associated with the presence of this plasmid. The role of this phenotype in the virulence of K. pneumoniae has been demonstrated.
MATERIALS AND METHODS Bacterial strains and cultivation. Bacterial strains and plasmids used in this work are listed in Table 1 . Cells were routinely grown in L broth (11) , tryptic soy broth (Diagnostic Pasteur, Marnes-La-Coquette, France), or M9 minimal medium supplemented with 2 g of glucose per liter (25) . Antibiotics were added at the following concentrations (,ug/ ml): ampicillin, 100; tetracycline, 12; kanamycin, 40; spectinomycin, 30; nalidixic acid, 40; streptomycin, 50.
Klebsiella capsular (K) serotyping was assessed by the capsular swelling technique (16) .
Mucoid aspect of colonies was observed on tryptic soy agar plates incubated at 37°C for K. pneumoniae and at 30 and 37°C for Escherichia coli.
Production of aerobactin was detected by cross-feeding by using the indicator strain E. coli LG1522 as previously described (15 (2) . Plasmids and their restriction products were subjected to agarose (0.7 to 1%) gel (29) .
Bacterial genetic techniques. Transformation with plasmid DNA was carried out as described by Cohen et al. (4) . Matings were performed at 37°C on cellophane membranes. Bacteria were usually allowed to conjugate for 4 to 8 h. The mating mixture was then washed in saline. Transconjugants were then selected by using antibiotic resistance markers or amino acid auxotrophies.
The cure of the 180-kb virulence plasmid pKP100 from strain 52145 was obtained by subculturing strains at 440C. Cells were then spread onto tryptic soy agar plates. Colonies were tested for aerobactin production. Plasmid profiles of the aerobactin-negative derivatives were compared with those of the parental strain to eliminate the simple deletion of pKP100, which could have led to the loss of aerobactinencoding genes. One plasmidless derivative was isolated and designated KP110.
Labeling of the large virulence plasmid pKP100 by pME28. pME28 is a 37-kb RP1 plasmid derivative encoding kanamycin and tetracycline resistances (21) . This plasmid is defective in some replication and transfer genes, carries two tandemly repeated copies of the insertion sequence IS21, and lacks transposon Tn801, which encodes ampicillin resistance (20) . E. coli S17-1, which has an RP4-derivative plasmid integrated within its chromosome, allows replication and mobilization of pME28. When introduced into K. pneumoniae, this plasmid cannot be stably maintained unless it integrates within the host DNA through IS21. pME28 was transferred by conjugation from E. coli S17-1 to K. pneumoniae 52145. Transconjugants were selected on minimal medium supplemented with glucose and containing kanamycin. To eliminate a spontaneous mutation in 52145, each kanamycin-resistant clone was tested for tetracycline resistance. The kanamycin-and tetracycline-resistant isolates were assumed to have integrated pME28 within their DNA. To select an integration event within the 180-kb virulence plasmid, pKP100, plasmid profiles of several transconjugants were compared with those of the parental strain. Integration of pME28 within pKP100 led to the presence of a cointegrate which appeared to migrate in a slightly higher position in a Tris-borate gel run overnight at 3 V/cm. To confirm that pME28 integration was on pKP100, the plasmid was cured, and the loss of kanamycin and tetracycline resistance was correlated with its elimination. The pME28-tagged plasmid was designated pKP1O1.
Cloning of the gene encoding the mucoid phenotype. The gene encoding the mucoid phenotype on the 180-kb plasmid was cloned into the mobilizable vector pSUP202. pSUP202 is a derivative of pBR325 in which the Mob region of RP4 is cloned (26) . This plasmid vector can be mobilized when carried by strain S17-1, which has an RP4-derivative plasmid integrated within its chromosome. pKP1l1 DNA was prepared from E. coli HB101. Partial Sau3A digests of pKP1l1 were loaded on a 0.7% agarose gel. clones were then conjugally transferred from S17-1 to KP110. Transconjugants were selected on minimal medium supplemented with glucose and containing ampicillin. One clone was isolated which conferred a mucoid phenotype on KP110. This recombinant plasmid was designated pKP200.
Antisera. Rabbits were injected intravenously six times at 4-day intervals with 0.5, 1, 2, and then 3 ml of a fresh bacterial suspension in saline with 0.5% Formalin. Bacterial density for each injection was 5. 108 CFU/ml. Rabbits were then bled 9 days after the last injection.
Immunological procedures. Double diffusion was performed on 1% agarose gels in phosphate-buffered saline.
Rocket immunoelectrophoresis was performed as previously described (7) on Gelbond film (60 by 125 mm; FMC Corp., Marine Colloids Div., Rockland, Maine) covered with 1% agarose (Indubiose A 37 HAA; Reactifs IBF, Villeneuve-la-Garenne, France) in 0.025 M barbital-acetate buffer (pH 8.6) containing 1% antiserum. Samples were subjected to electrophoresis (15 V/cm, 1 h, 5°C). These were dilutions of overnight cultures in tryptic soy broth autoclaved at 121°C for 1 h. A sample of purified K2 capsular polysaccharide from a previous stock was used as the standard (24) .
Determination of the 50% lethal dose. Five-week-old Swiss White female mice were injected intraperitoneally. The 50% lethal dose (LD50) was determined by the method of Reed and Muench (19) . Each dose was injected into a group of ten mice. Calculations were based on the numbers of survivors at day 15.
RESULTS
Involvement of the 180-kb plasmid in the virulence of K. pneumoniae 52145. The cure of the 180-kb plasmid, pKP100, from strain 52145 was obtained as described above (Fig. 1) . Both strains 52145 and KP110 carried a 100-kb plasmid, but only 52145 possessed pKP100. The wild-type strain, 52145, was virulent and expressed an LD50 of 10 CFU. The plas- (Table 2) . This result definitely proved the role of the 180-kb plasmid in the virulence of K. pneumoniae 52145.
A phenotype other than aerobactin production has been associated with the presence of the virulence plasmid: the mucoid aspect of the colonies. Both strains, 52145 and KP110, were encapsulated and expressed the K2 serotype, but only 52145 gave rise to large mucoid colonies of viscid consistency (Fig. 2) . Transfer of pKP1l1 into KP110 restored this phenotype. This aspect is referred to as the mucoid phenotype in subsequent studies.
Role of the mucoid phenotype in the virulence of K. pneumoniae 52145. The gene encoding the mucoid phenotype on the 180-kb plasmid was cloned as described in Materials and Methods. The recombinant plasmid pKP200 possessed a DNA insert of 9 kb (Fig. 3) . The plasmid origin of the DNA insert of pKP200 was checked by hybridizing a plasmid DNA preparation obtained from K. pneumoniae 52145 and KP11O with the labeled 1.6-kb BamHI-BglII fragment of pKP200. A signal was present on the 180-kb virulence plasmid in 52145, and no hybridization was observed with KP11O (data not shown). When introduced into E. coli HB101 and S17-1, pKP200 conferred a mucoid phenotype when growth was carried out at 30°C but not at 370C. Subcloning of BamHI-BglII fragments of pKP200 into pSUP202 allowed localization of the plasmid gene responsible for the mucoid phenotype in K. pneumoniae and E. coli on a 1.6-kb segment (Fig. 3) . The gene located in this 1.6-kb fragment was designated rmpA (regulator of mucoid phenotype).
Introduction of pKP200 into KP110 did not increase the LD50 of the resulting strain (Table 2) . Thus, to evaluate the exact role of the mucoid phenotype in the virulence of strain 52145, the rmpA gene was mutagenized. First, the 200-base-pair HpaI-HpaI fragment of pKP228 was replaced by the interposon Q (omega) (17) . This genetic cassette codes for spectinomycin resistance and is flanked on each side by INFECT T4 transcription-translation stop signals. Omega was purified as a 2-kb SmaI fragment and blunt-end ligated between the two HpaI sites of pKP228 (Fig. 3) . The resulting plasmid, pKP231, did not restore a mucoid phenotype in K. pneumoniae KP110 at 37°C or in E. coli HB101 at 30°C. Thus, the rmpA gene was considered mutagenized by the integration of omega. The 3-kb EcoRV insert of pKP231 was then cloned into the EcoRV site of the suicide plasmid vector pJM703.1 to generate recombinant plasmid pKP232 (Fig. 3) . pJM703.1 replicates only if its deficient R6K replication functions are transcomplemented by the w protein which is encoded by the pir gene. This gene is supplied by a prophage, X pir, integrated in the chromosome of E. coli SM10 Xpir (13) . This strain also contains the transfer genes of the broad-hostrange IncP plasmid RP4 integrated in its chromosome (26) . pJM703.1 can thus be stably maintained and also mobilized from SM10 K pir because it contains the Mob site of RP4. pKP232 was then mobilized from SM10 X pir into 52145Nal. Selection was obtained on a medium containing spectinomycin and nalidixic acid. Among the 300 colonies growing on this medium, 297 were ampicillin resistant. They were expected to have undergone a single recombinational event between the wild-type gene and the mutagenized gene, thus leading to the formation of a cointegrate between pKP232 and pKP100. All Virulence of the resulting strain 52145NalrmpA: :f was markedly reduced since its LD50 increased from 10 to 2 -10 CFU (Table 2) . Correlation between the mucoid phenotype and the amount of production of K2 polysaccharide or colanic acid or both. The induction by pKP200 of a mucoid phenotype, regardless of the growth temperature in K. pneumoniae and only at 30°C in HB101, raised the question of the nature of this phenotype in both strains. E. coli K-12 is not highly mucoid under usual growth conditions, but mutations at a number of loci including the lon locus dramatically increase production of the colanic acid polysaccharide (9) . To assess whether the mucoid phenotype induced by pKP200 in HB101 and KP110 was related to the production of colanic acid, rabbits were immunized with the mucoid HB101(pKP228) strain grown at 30°C. Rocket immunoelectrophoresis was performed by using this antiserum. Data are presented in Fig. 4A . These results showed that this antiserum recognized one antigen in HB101(pKP200) grown at 30°C. This through 12, samples of 5 ,ul represented a 1/50 dilution of autoclaved overnight culture in tryptic soy broth. Wells: 5, K. pneumoniae 52145; 6, K.. pneumoniae KP110; 7, K. pneumoniae KP110 (pKP200); 8, K. pneumoniae 52145NalrmpA::Q; 9, K. pneumoniae 52145K-; 10, HB101(pKP200) grown at 30°C; 11, JT4000; 12, HB101 grown at 30°C. encapsulated strains [i.e., 52145, KP110, KP110(pKP200), and 52145NalrmpA::fQ] but did not yield any precipitate with 52145K-, which is nonmucoid and unencapsulated (Fig.  4B ). This proved that the antigen recognized by this antiserum was related to the production of a component related to the capsule or the mucoid phenotype or both. For all strains, notably the two mucoid isolates 52145 and KP110(pKP200), only one precipitation line was present, thus allowing us to consider that only one antigen was precipitated by this antiserum. The fact that this antiserum reacted with the purified K2 polysaccharide (Fig. 4B ) led us to consider that this antigen was the K2 capsular polysaccharide. The antiserum against 52145 did not cross-react with HB101 (pKP200), HB101, or JT4000. Immunological quantitation of K2 polysaccharide was performed with the K. pneumoniae isolates by using the standard purified K2 capsular polysaccharide material. The amounts of K2 polysaccharide produced were of the same magnitudes in these different isolates, including 52145 and KP11O(pKP200), which are mucoid strains. The differences observed between 52145 (Fig. 4B, well 5 ) and the other encapsulated isolates (Fig. 4B, wells 6, 7, and 8) were not considered significant since samples consisted of dilutions of an autoclaved overnight culture in tryptic soy broth. The titrations estimated the total amount of K2 capsular polysaccharide produced both as capsule and as slime (33) . These data proved that the mucoid phenotype was not related to overproduction of the K2 capsular polysaccharide.
DISCUSSION
Most of the work on systemic dissemination of K. pneumoniae has been limited to studying the polysaccharidic capsule, which does protect against serum bactericidal activity and phagocytosis (27, 34) . Strains (14) . It was therefore surprising that some strains belonging to these two capsular serotypes expressed low virulence in intraperitoneally infected mice (6, 15 (30) . In addition, immunoelectron microscopy studies with an anti-K2 serum did not demonstrate the presence of a thicker capsule in the wildtype K. pneumoniae 52145 compared with its plasmidless derivative (data not shown). Two possibilities may account for the lack of recognition of the substance constitutive of the mucoid phenotype by the antiserum raised against 52145. Either the conditions used here did not allow migration of the substance or the mucoid phenotype was related to a poorly immunogenic component composed of capsular polysaccharide in an altered immunological state or of a polysaccharide different from the capsular polysaccharide.
Two chromosomal genes, designated rcsA and rcsB, have been cloned from the chromosome of a K. pneumoniae isolate belonging to serotype K21 (1). They control the synthesis of colanic acid in E. coli K-12. The role of these genes in the production of capsular polysaccharide or as regulators of the mucoid phenotype in K. pneumoniae or both has not been assessed. An rcsA gene has also been identified in Erwinia stewartii. This gene controls the production of extracellular polysaccharide in this species and induces the production of colanic acid in E. coli (32) . Wild-type E. coli synthesizes only low levels of colanic acid under all conditions. The Ion mutation induces synthesis of this polysaccharide essentially at low temperature. In E. coli, two positive regulators control the expression of colanic acid, the products of rcsA and rcsB genes (8) . The RcsA protein is under the control of the Lon protease (31) which, under usual conditions, represses the synthesis of colanic acid. Products of the rcsA genes of E. coli and E. stewartii can complement each other (32) . Works are currently in progress to compare the RcsA protein of E. coli with the product of the rmpA gene of K. pneumoniae to identify the biochemical nature of the component causing the mucoid phenotype and to understand the regulation of its expression.
